Introduction
A developing country is likely to trade more with a country that is larger, richer and more open in the North than otherwise. Moreover, a smaller distance between the two countries is likely to result in lower trading costs between them and would also promote trade between them.
Two countries with such a strong trade relationship are typically referred to as "natural trading partners" (NTPs). To date, studies have examined the hypothesis that a regional trade agreement (RTA) is preferable when its members are NTPs. These studies, conducted in a static framework, have been unable to come to an agreement as to whether regional trade agreements (RTAs) between natural trading partners are superior or not.
1 This paper provides a formal dynamic analysis of the hypothesis. Two versions of the hypothesis have been examined, with one referring to the large volume of trade between potential partners in an RTA, and the other referring to the small distance between them. Both versions of the hypothesis are examined here.
Specifically, the paper estimates the impact of North-South trade on technology diffusion and TFP growth in the South, and examines whether or not trade-related technology diffusion exhibits a regional dimension. In other words, we compare the impact of North-South trade between NTPs with that between non-NTPs. 1 A number of studies, including Summers (1991) and Deardorff and Stern (1994) , claim that a regional trade agreement (RTA) is less likely to generate trade diversion and is more likely to raise welfare when the RTA members already trade disproportionately with each other. Opponents of the hypothesis such as Bhagwati (1993) and Bhagwati and Panagariya (1996) argue that a RTA between a developed country and a developing country where the latter imports little from the former (e.g., because of the great distance between them) is better for the latter, the main reason being that the lower level of imports by the developing country implies a smaller revenue transfer to the developed partner when tariffs are abolished. Krishna (2003) estimates the welfare impact of trade directly and rejects the hypothesis. Schiff (2001) argues that, except for the latter study, a problem with these analyses is that they fail to include a constraint imposed by the trade relationship between the partner country and the rest of the world.
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The main developed countries of the OECD are divided into three groups: Japan, Canada plus the US (referred to here as North America) and the EU. We select three countries in the South that are NTPs of one of the three OECD regions in terms of both distance and trade volume: Korea as NTP of Japan, Mexico as NTP of North America, and Jordan as NTP of the EU. 2 We find that trade-related technology diffusion and productivity gains are regional: the elasticity of TFP with respect to trade is highest for trade between Korea's (Mexico's) (Jordan's) trade in the case of trade with Japan (North America) (the EU).
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The remainder of the paper is organized as follows. Section 2 sets forth a brief analytical framework, Section 3 describes the data used, and Section 4 presents the empirical results. Section 5 provides an interpretation of the results, and Section 6 concludes.
Analytical Framework
The last 15 years have seen the development of a literature about the impact of trade on international technology diffusion and productivity. Coe and Helpman (1995) developed an empirical application of the theoretical work of Grossman and Helpman (1991) by constructing an index of "foreign R&D" that consists of the trade-weighted sum of trading partners' R&D stocks. They estimated the impact of foreign R&D on TFP 2 Industry-level data are available for 24 developing countries. For Japan and North America, we selected, respectively, Korea and Mexico for being the closest to and trading the most with their proximate OECD trading partner. The reason for selecting Jordan is different and is discussed in Section 4.3. 3 The fourteen EU countries included in the analysis are Austria, Belgium, Denmark, Finland, France, Germany, Italy, the Netherlands, Norway, Portugal, Ireland, Spain, Sweden, and the United Kingdom.
for OECD countries plus Israel and found a large and robust impact of foreign R&D on TFP. This seminal work led to a large number of studies.
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For a given industry i in country c in year t, we define the trade-related foreign R&D, NRD, as follows:
where N indexes the three OECD regions, k indexes the member countries of OECD region N, c indexes Korea, Mexico and Jordan, j indexes industries and t indexes years.
The first part of equation (1) , the imports of industry-j products from country k per unit of industry-j value added in country c (i.e., its import concentration ratio).
Following Coe et al. (1997) , we do not include domestic R&D stocks in the estimation equation. The reason is that R&D data at the industry level are not available for Jordan and Mexico. As argued in Coe et al. (1997) and Schiff et al. (2002) , given that 95% or more of all R&D spending takes place in the OECD countries considered, this is unlikely to bias our results. 5 Also following Coe et al. (1997) , we estimate the equations in first differences rather than in levels. 
Data Description
The database consists of the three importing countries in the South (Korea, Mexico and Jordan), 16 manufacturing industries, 14 OECD trading partners, covering 22
years for Korea and 18 years (1981-1998) for Mexico and Jordan. The selection of the manufacturing industries, the OECD trading partners, and the year 5 In 1990 5 In (1995 , 96% (95%) of the world's R&D expenditures took place in industrial countries. Moreover, recent empirical work has shown that much of the technical change in individual OECD countries is based on the international diffusion of technology among OECD countries. For instance, Eaton and Kortum (1999) estimate that 87% of French growth is based on foreign R&D. Since developing countries invest much fewer resources in R&D than OECD countries, foreign R&D must be even more important for developing countries as a source of growth. 6 Education variables (such as the share of the population with a given level of education) could be used as proxy for countries' absorption capacity. However, this variable does not vary across industries and is thus correlated with industry dummies. Also, the education variable changes very little over time (not at all in some cases), and given that our estimation is in first differences, we have two reasons not to include that variable in the estimation.
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coverage is determined by data availability. The 16 manufacturing industries are either at the two-digit or three-digit level according to the International Standard Industry Classification (ISIC), revision 2.
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The TFP index is calculated as the difference between the logs of output and factor income, with inputs (labor and capital) weighted by their income shares, i.e.,
, with α equal to labor's share, measured as the ratio of wages over value added. The capital stocks are derived from the investment series using the perpetual inventory model with a 5% depreciation rate. Raw data on value added, labor, wages, and fixed capital formation are taken from the World Bank The national input-output matrix is used as a proxy, which is derived from GTAP (1998). Bilateral openness shares are derived from the World Bank database "Trade and 1976 -1998 " (Nicita and Olarreaga, 2001 ). For each industry and year, the shares are measured as the ratio of industry-specific imports over value added. Trade data were collected at the 4-digit level and input-output data at the 3-digit level for the period 1981-98 (information on earlier years is available for Korea but not for the other countries), and both were aggregated to 2-digit and 3-digit levels for consistency with the R&D data (16 industries). Table 1 shows that each developing country imports more from its Northern neighbor than from more distant OECD regions. On average over the period 1981-1998, out of its total imports from the three OECD regions, Mexico imported 82% from North America, 13% from the EU and 5% from Japan; Korea imported about 43% from Japan, 36% from North America and 21% from Europe; and Jordan imported 50% from the EU, 31% from North America and 19% from Japan.
Thus, both in terms of trade volume and in terms of distance, Korea (Mexico) (Jordan) is a "natural trading partner" of Japan (North America) (the EU). As for traderelated R&D stocks, each developing country gets access to more of the technology from its Northern neighbor than from more distant OECD regions.
Empirical Results
We now proceed with the estimation of the impact of trade-related technology diffusion from each OECD group on the TFP of each of the three developing countries and examine whether these impacts vary by country and by OECD group. Estimation is carried out in first differences and with the White heteroskedasticity-consistent estimator. shown. F-tests indicate that year (industry) dummies do (do not) need to be included in the regressions. Our prior is that the elasticity of TFP with NRD is non-negative so that a one-tailed test is appropriate.
Korea
Columns (i) to (iii) of Table 2 show the elasticity of TFP with respect to the NRD from one OECD region at a time. The elasticity of TFP with respect to Japan's NRD is .52, significant at the 5 percent level. That with respect to EU's NRD is .21 but not significant and with respect to North America's NRD is .03 and not significant. The latter is perhaps somewhat surprising, given that North America accounts for 36.5% of Korea's imports over the period (Table 1) . Note though that the R&D-content of Korea's imports from Japan is greater than that of imports from the US (see Table 1 ).
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Columns (iv) to (vi) report effects of NRD from two of the three OECD regions at a time. The elasticity with respect to Japan's NRD is .47 in a regression with the EU's NRD (column iv) and .51 in a regression with North America's NRD (column v), both significant at the 5% level, while the elasticities with respect to the EU's and North
Manufacturing.
America's NRD are not significant (column vi). These results confirm those obtained in columns (i) to (iii).
Column (vii) reports the effects of the NRD from the three OECD regions simultaneously. The elasticity of TFP with respect to NRD from Japan is .47, significant at the 5 percent level, while the elasticities of TFP with respect to NRD from North America and from the EU are small and not significant. These results confirm those in columns (i) to (vi).
The same results obtain with one-tailed tests. The elasticities of NRD from North America and from the EU continue to be non-significant, while the elasticity of NRD from Japan is significant at the 2.5% level.
The results obtained are extremely robust since they provide identical results under three alternative specifications -i.e., regressions with one country, two countries, and with all three countries -as well as with two statistical tests of significance (onetailed and two-tailed tests).
Mexico
Similarly, the results in Table 3 give a consistent message across all three specifications and the two statistical tests. The elasticity of TFP with respect to the NRD from North America varies between .55 and .61, significant at the 10 percent level (with one of them at the 13% level), while the elasticities with respect to NRD from Japan and the EU are not significant.
We further examine whether NAFTA had an impact on any of the parameter values. This was tested in two alternative ways. First, a dummy variable, with value equal to one for the NAFTA years and zero otherwise, was added to the estimating equations of Mexico's TFP and turned out to be non-significant. Second, the sample period was shortened to the pre-NAFTA period 1981-1993 and resulted in a small and nonsignificant change in elasticity values. For instance, the elasticity of TFP with respect to NRD from North America in the regression with NRD from Japan and the EU (column vii) changed from .603 to .628.
Jordan
Our objective was to select an NTP of the EU. The obvious choice was an Eastern
European country and we estimated regressions for two countries for which data were available. These countries underwent a major shock during the period examined, with the demise of the Soviet bloc leading to massive institutional, political and economic changes -including a massive redirection of their trade towards the West. This probably explains why the elasticities were unreasonably large for these countries.
Given that the results for those countries were dominated by the massive changes they experienced over the sample period, we decided to select another country. Jordan was chosen because of its data availability, small distance to the EU, and FTA with the EU. The estimation results are presented in Table 4 . Table 4 shows that the elasticity of TFP with respect to NRD from North America is never significant. The elasticity of TFP with respect to NRD from Japan is significant when appearing by itself (column i) or with the NRD from North America (column iv) 9 but is not significant when used together with the NRD from the EU (column v) or with both those from the EU and North America (column vii). Thus, once the NRD from the EU is included in the regression, the NRD from Japan loses its statistical significance and becomes very small empirically.
The elasticity with respect to NRD from the EU is significant at the 5% level when appearing by itself (column 3) or with the NRD from North America (column vi),
and is significant at the 11% when appearing with the NRD from both Japan and North America (column vii). Moreover, given our strong prior of non-negative coefficients, one-tailed tests are warranted and indicate a significance level of less than 10% in column (vii). On the other hand, the NRD from Japan and from North America continue to be non-significant under one-tailed tests in regressions that include the NRD from the EU.
Interpretation of the Results
The empirical results described above are striking. For all three developing countries, the highest and most precisely estimated elasticity of TFP is the one with respect to NRD from its neighboring OECD region or "natural trading partner." Thus, our results indicate that North-South trade-related technology diffusion exhibits a strong regional pattern. Why is the impact of NR m the neighboring OECD region so much bigger than that from the distant regions?
One possibility is that trade between each country in the South and its OECD neighbor involves more than a simple exchange of goods. It is likely to entail more personal interaction, including sub-contracting relationships where firms in the developing country import intermediate goods from firms in the neighbor in the North and export finished products back to the same firms, as in the automobile industry. In that case, knowledge diffusion is associated not only with the knowledge-content of the goods traded but also with the close contacts associated with that trade and the quality controls that firms in the North impose on their sub-contractors in the South, as well as with the transfer of knowledge on improving production processes and overall management. Such hands-on relationships are more likely to hold between neighboring countries than between distant ones where arms-length relationships are more likely to prevail.
Moreover, proximity between firms in the North and their subcontractors tends to facilitate the formation of hands-on relationships. Since such relationships make it easier to exercise control over production processes and output quality, it should be easier for developed countries' firms to transfer more complex technological knowledge to subcontractors in proximate developing countries than to more distant ones and have them produce more technology-intensive products. 9 This line of research will be pursued in future research by distinguishing between industries according to their R&D-intensity.
An alternative hypothesis for the fact that the impact on developing countries' TFP is mainly obtained through trade with their closest OECD region is that it is determined by the level of NRD. 10 However, there is no a priori theoretical reason why the level of NRD should have an impact on the elasticity of TFP growth with respect to NRD. Moreover, we are dealing with TFP growth, and the regression is estimated in Δlog rather than in log form. Hence, there would seem to be even less reason for its coefficient to be related to the NRD level.
If there were a theoretical reason for the elasticity of TFP growth with respect to NRD to be larger when the level of NRD is greater, one would expect it to hold in most if not all cases. However, this does not seem to be the case, as the two following examples illustrate. For instance, Korea's NRD from trade with Japan (NRD JK ) is the largest (see Table 1 ), and its impact on TFP growth is also the largest and is significant at the 5% level. However, even though Korea's NRD from trade with North America (NRD NK ) is large as well, its impact on TFP growth is non-significant, both empirically and statistically.
The dramatic difference, in fact, is in the distance from Korea to Japan (D JK ) versus the distance to North America (D NK ). Japan is 12% smaller than that from the EU but its distance to Jordan (9,096 km) is 2.83 times that from the EU (3,203 km), with the proportional difference in distance between Japan and the EU relative to that in NRD equal to 15.3.
Thus, it seems that what explains the results is essentially the large difference in the distance between developing and developed countries.
Concluding Remarks
This paper examined a dynamic version of the "natural trading partners"
hypothesis by estimating the impact of trade-related technology diffusion from three developed OECD regions -Japan, North America and the EU -on productivity in Korea, technology diffusion and productivity gains in the three countries tend to be regional. We find that, in terms of productivity gains, Korea seems to benefit mainly from trade with Japan, Mexico from trade with North America, and Jordan from trade with the EU. These findings support the hypothesis that the dynamic version of the "natural trading partners" hypothesis holds for these groups of countries. ΔlogTFP, 1981 ΔlogTFP, -1998 
